NORRIS HILL

MADISON COUNTY

¢
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The Norris Hill site is located ten miles north of Ennis at 45 %N%lgnj?
41 57 W (Site No. 157 on Map II-1). Elevation at the site is

monitoring site is part of the wind monitoring program of the Montana De-
partment of Natural Resources and Conservation.

The site is located at the crest of Norris Hill on a finger ridge. Norris Hill is
at the head of the Madison River valley, which runs more or less due north. A
hill to the east and southeast that is approximately 525 feet higher than the site
could affect the winds at the site. However, both the ridge on which the site is
located and the hill to the east have slopes in the 20 to 50 degree range and the
site is otherwise well exposed to the wind. In addition, there is a very evident
funneling of winds up the draw where US 287 crests Norris Hill from the
south, which could compensate for the hill to the east. The site is representa-
tive of arange of hills that runs approximately east and west between the Mad-
ison and Jefferson ranges. The range of hills is six to eight miles long, several
miles wide and contains many knobs and ridges that would be suitable for the
installation of wind generating equipment. The site is just west of state High-
way 287, but winter access still can be difficult.

The site is located on private land. Much of the land in the area is held by
the Bureau of Land Management; the state also owns some land nearby. Elec-

trical service in the area is provided by the Montana Power Company. A . fb‘

kV line runs south of the site and a 100 kV line runs to the north. Both lines
come out of Montana Power’s Madison powerhouse in Beartrap Canyon,
three miles east of the site. The nearest commercial airport is outside of Boze-
man, 35 miles to the northeast. There is a private landing field five miles south
of the site in the Madison valley.

Wind data collection began January 10, 1984. Data through March 31,
1986 was available for analysis. Monitoring is scheduled to continue at least
through June 1987. A Met One anemometer and a Campbell Scientific data-
logger were used. The anemometer height was 33 feet.

Data recovery was poor to excellent, ranging from 45.6 percent in Novem-
ber to 99.9 percent in May, July, and September. Overall data recovery was
85.8 percent.

Average monthly wind speeds ranged from 11.6 miles per hour in July to

eet. This$778~ 22.9 miles per hour in December. Average annual wind speed was 17.0 miles

per hour.

Average monthly wind power ranged from 99.3 watts/m? in July to 832.3
watts/m?in December.

Average seasonal speeds were 12.9 miles per hour in the summer, 16.8 miles
per hour in the autumn, 21.5 miles per hour in the winter, and 16.4 miles per
hour in the spring. In the winter and spring, the highest wind speed occurred
in early to late afternoon. High winds in the summer were a little later than in
the winter and spring. The highest winds in the autumn were between noon
and late afternoon. Diurnal range of average wind speeds was greatest in the
summer, least in the winter, and about the same in spring and autumn.

The wind blew most frequently from the south-southeast through the
southwest, that is, from directly down the valley. The winds came from the
north-northeast and northeast about 20 percent of the time, and otherwise
came very infrequently from the other directions. By direction, average wind
speeds ranged from 7.5 miles per hour from the east-southeast to 20.0 miles
per hour from the south and south-southwest.




Table 1V - 105
Monthly Wind Speed Distribution

MADISON COUNTY - NORRIS HILL

01/10/84 - 03/31/86
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Table IV - 106

Percentage Frequency Summary for Wind Speed

MADISON COUNTY - NORRIS HILL

(WINTER)

01/10/84 - 03/31/86
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Table IV - 107

Percentage Frequency Summary for Wind Speed

MADISON COUNTY - NORRIS HILL

(SPRING)

01/10/84 - 03/31/86

WIND SPEED (MPH)
8.1- 10,1- 12,1~ 14.1- 16,1~ 18,1~ 20,1- 25,1- 30,1- 35.1-

6.1-
6.0 8.0 10.0 12.0 14,0 156.0 18,0 20.0 25,0 30,0 35.0 40.0 »40.0

4.1-

2.1-
4.0

0.1-
2.0

CALM

D\I-.
=0
AES
A E
a=
TyE
s
Y
(=]
.
[
—
A
I
P »
[
U —
—i
5
» LY
) -t
—
&%
M
v
-t
n_r..z
.
[ ..
o —i
P IR * 2]
- .
m s O
ma
"o
0
B e
m_l-
m-z
Lo Y
ot [
o
=]

LIy
E_B
b
V) O
Ds
S
s
r
rn_us

o <
~
LR~

-
_.lu3
o
@
[y
—
&%
2 =i
o
1 O
Lo B )
- O
[ =]

=

L]

L) I

..
310 3 15 18 1 1 1 1 W S 1 O 6D €0 €8 € 1 e \S 1 1 W
111111111111111111111111

555500515177112611110551

------

555521116767286722151155
100031111212342333211110

733379723338.728943493278
llllll +*
354435234553345676654323

434933948703540435933223
-----

656555564375979758544334

40507374‘.441258063106561

566612833436173904867?54
Ll R el e e R e N N AV I I SV i Gotar G g e’

043561993751962539046361

nnnnnnnnnnnnnnnn

303868022844567756825029
i = -4 — -t

215497070021334335901622
208650838808667669689809

564928854855766756498109

994104524961“588228408588
------
566086706588845334671743

145223424332120322422133

106166111105555000555156
]
101211122100000000000101

000000000000000000000000

N DM OO e\ ) o
vt =t ey

—SSXZIR]]NAY

XX o o ox

191

1.2 16.4 7.3

2.0

5.9 4.7

7.9 16.0

8.9 8.3

8.8 10.1

0.9 2.9 6,7 7.6 8.1

GEORESEARCH, INC,

0.0

ALL HOURS

SOURCE:



Table IV - 108

Percentage Frequency Summary for Wind Speed

MADISON COUNTY - NORRIS HILL

(SUMMER)
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Table IV - 109
Percentage Frequency Summary for Wind Speed

MADISON COUNTY - NORRIS HILL

(AUTUMN)
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TableIV -110
Annunal Wind Rose Distribution

MADISON COUNTY - NORRIS HILL

01/10/84-03/31/86

<DIRECTION

WW N NNW TOTAL

S S WS W

SE SSE S

ENE £SE

NNE

DIRECTION>

SPEED (M/SEC)

SPEED (MPH)

nawwo WUV~ OZED

.
nwnwlLLle.audu.miiﬁ57788813577
' ) 1 TYTTR
001112?_33445556677889135
-

1710481208808976630303?23

-------

------------------------

-------------------------

------------------------

0001010011011100000000000
0000000000000000000000000

0000010000000000000000000
-------- [ RN R I N ]

coodooococooooooododosSsSs

o.l..l.2221211110111000011000

---------------

.........................
1111111111223344
UL R L L UL O DO DO T D U e B I A R )
111111111111111111111111
.....................
et e vt e el e el e = O N ) )

[Ze M= TR IV EC duunm~ T oo

194

s
S

[=1 = —
m-_-_.u\.l.-_ur_m
EREZRG
OV E N
T.V...I\Uvm
T <L
(=] L] w
S o~ o~
o —
—
= P~ o
. . 1)
L= -t e
it
~ o -
. - .
o [=)] =
™ =] o0
. ] .
< = =
—
i~ [=3] o
. s .
L= ™ o
—
w (] —
. . «
— [+ ] (=]
—i
o o (o]
. . H
— -t o
- —
=T o [~]
» - L
ol (=] (=]
o~ o
— o (=]
. . .
o [ = =]
o (3]

L= ()] (=]
. . .
o o =]
—

h (Y] [F=]
. . .
o [+=) =
—

-t (2] [a]
. . .
o [ ™
w 2] w
. -
o M~ ™
— -5 o
N . .
(2] L] ~r
b3 (=] =]
. . -
[~ [=] =
-

o P~ -~
. . .
(== ™ w

— —

o ~ T~

. . .

— oJ un
—

28 8o
—
Egowh
[= N7, vy
FLESS
= = —

GEORESEARCH, INC.

SOURCE:



sol

WIND SPEED

Figure 1V - 12
Annual Wind Rose
MADISON COUNTY - NORRIS HILL
(1984 - 1986)
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Table 1V - 111
Coefficients of Weibull Distribution
MADISON COUNTY - NORRIS HILL
01/10/84 - 03/31/86

SCALE SHAPE
MONTH FACTOR (C) FACTOR {K)

{M/SEC)
JANUARY 11,3258 2,3120
FEBRUARY 11,1553 2.0144
MARCH 8.6541 1.9483
APRIL 8.4476 2.0909
MAY 7.0567 2,0074
JUNE 6.5672 2.0709
JuLy 5.7501 2.3289
AUGUST 6.4320 2.1890
SEPTEMBER 7.1492 1.9162
OCTOBER 10,5452 2,4754
NOVEMBER B,9925 2.3193
DECEMBER 12.5081 1.9372
YEAR 8.4924 1,8549

SOURCE: GEORESEARCH, INC.



